In the search for causes of congenital malformations many methods have been used. Animal experiments have revealed a large number of teratogenic agents and have provided some understanding of the mechanism of maldevelopment. Embryological studies have indicated the probable stage of development when various malformations are initiated. Examination of pedigrees has shown a genetic basis for some of the less common or less lethal human malformations. New cytological techniques have contributed substantially to our understanding of mongolism and a few infrequent abnormalities. But so far these researches have thrown little light on the causal factors of the majority of human malformations.
It is perhaps surprising that population research methods have not been more widely used, particularly in view of the fact that the most notable advance in the field of human teratology -the incrimination of rubella-was achieved by these means. A possible reason is the difficulty of organizing an inquiry on a scale large enough to provide adequate numbers for analysis. It might be expected that national statistics would meet this need, but unfortunately they rarely supply data on stillbirths in sufficient detail for examination. Scotland is the only country which publishes adequate records on stillbirths classified according to cause and distinguishing between the commoner malformations-anencephalus, hydrocephalus, spina bifida, and cardio-vascular abnormalities. A series restricted to stillbirths is hardly adequate for study of the last three malformations, many of which survive birth, but it is well suited for an investigation of anencephalus which is rarely compatible with a post-natal existence even for a few hours. (Of the 349 anencephalics born in Scotland in 1958, all but nineteen were stillborn.) Another characteristic which makes anencephalus a useful subject for investigation on a national scale is its unmistakable appearance, even to an inexpert 93 observer. A third reason is that its relatively high frequency enables a large series to be assembled from the data now available. Indeed the present importance of anencephalus as a cause of stillbirth gives some urgency to the investigation of its aetiology. In 1938-41 the Scottish stillbirth rate was 41-3 per 1,000 total births; by 1956-58 it had been reduced to 23 5, but the anencephalic stillbirth rate had risen in the same period from 2 39 to 2 -99. The contribution of anencephalus to the stillbirth rate therefore increased from 5 8 to 12 7 per cent. An extensive analysis of Scottish data has been reported by Edwards (1958) . He confirmed the findings of an earlier survey in Birmingham (Record and McKeown, 1949 ) that the incidence of anencephalus is higher for first births than for second births and for foetuses born in the late autumn and winter months than for those born in the summer. Edwards found a more pronounced association with maternal age than was shown by the Birmingham data, but could not exclude the possibility that this might be the result of an association with parity. His findings of a marked association with social class was consistent with Aberdeen experience (Anderson, Baird, and Thomson, 1958) but differed from the Birmingham data which showed no variation of incidence with social circumstances. He considered that the secular variation in incidence was due to changing incidence among first births and among winter births (1) Age of mother and number of previous children; (2) Month of registration of birth and number of previous children; (3) Month of registration of birth and social class. Other details of anencephalic stillbirths and data relating to all births (live and stillborn) during the period were obtained from the annual reports of the Registrar General for Scotland. In some parts of the analysis, numbers have been augmented by using data for earlier years from the same source. Incidence in the two periods is compared in Table I .
RESULTS
Since this analysis is based both on new data which relate only to legitimate births and on published statistics which in some instances include illegitimate births, it may be useful to begin by investigating the influence of illegitimacy on incidence. This will be followed by consideration of the influence of maternal age and parity and of seasonal and secular variations in incidence.
ILLEGITIMACY
During the period 1939-58 there were 274 illegitimate anencephalic stillbirths-2 45 per 1,000 total births (Table I) In Scotland there is a very marked social gradient in the incidence of anencephalus which is four times higher in Social Class V than in Social Class I (Edwards, 1958) . The social classes also show pronounced differences in reproductive habits, Social Classes I and H being well represented among the lower birth ranks at the higher ages, whereas the higher birth ranks at the lower ages come mainly from Classes IV and V. Social class variation in incidence might therefore account for a positive correlation of incidence with parity and would tend to mask an increase of incidence with maternal age. It follows that standardization for social class would tend to reduce the apparent effect on incidence of high parity and increase the effect of advanced maternal age. In fact, although standardization brings about both these changes (Table III, In a previous report (McKeown and Record, 1951) , the incidence of anencephalus in Birmingham and in Scotland was shown to be higher in autumn and winter than in spring and summer, the fourth quarter of the year (October-December) having the highest rate and the second quarter (April-June) the lowest. In that investigation, division of the year into orthodox quarters was necessary because of the form of the Birmingham data, but it does not reveal the full extent of the seasonal variation. In fact, it is the least efficient of the three possible ways of dividing the year into trimesters in order to examine fluctuations in incidence; the maxinmum range and variance are obtained if the first trimester starts in February (Table IV) . This is the basis for the grouping of the months used in the analysis which follows. (Table VI) . There is very little difference between the four parity groups, all showing the lowest proportion of births in November-January and the next lowest in August-October. The only inconsistency is among first parities where most births occur in May-July whereas the maxima of the other three groups are in February-April. These differences are so trivial when compared with the marked seasonal fluctuation shown in Fig. 2 that it seems unnecessary to attempt to apply corrections. Social Classes I and II have been combined because of their relatively small numbers of anencephalics. Classes III, IV, and V have seasonal patterns which closely resemble each other; in all, the highest rates occur in November-January and the lowest in May-July, and each class shows about the same range, the highest rate being 1 -4 to I * 5 times the lowest. Social Classes I and II also show the highest incidence in November-January, but the rate is almost constant in the other three periods. It is possible that the relatively small size of this group has caused the low May-July incidence shown by the other classes to be obscured by random variation. There is no information on social class variation in the seasonal distribution of the total population of births, and it has been assumed that there are no class differences in this respect. Tojustify this assumption, data on Birmingham births have again been examined. These data are not quite so helpful as before, since they permit identification of only three social classes. Social Classes I and II of the Registrar General are approximately equivalent to Group A in the Birmingham series, III and IV to B, and V to C. The seasonal distributions of births thus classified are very similar (Table VIII, 
overleaf).
It is concluded that the seasonal trends of anencephalus shown in Fig. 3 Table IX . These suggest that, unless the factor responsible for the seasonal incidence has a delayed action affecting primarily the mother rather than the embryo, it operates most strongly from March to July and least strongly from September to December.
The adjusted anencephalic rates of (62) number of total births is constant, but if, as in 1945, the number of births in one year is smaller than the number in the following year, the anencephalus rate is overstated. The error can be minimized by grouping consecutive years as has been done in a later part of this analysis. In attempting to explain changes in the annual rates in terms of variation in the environment, it is more useful to know incidence according to the year when the malformation was initiated than to the year of birth. These rates can be readily calculated if it is assumed, as was done in the examination of seasonal variation, that the malformation is laid down about 3 weeks after conception (approximately 8 calendar months before term). Normal infants born in the period September-December therefore pass through this stage in the same year as the year of birth, and infants born in January-August pass through it in the previous year. The same rule can be applied to anencephalic foetuses if their month of birth is first adjusted as in the previous section to take account of their shorter period of gestation.
Rates derived in this way are shown in Fig. 7 . (Table XI) . The first three birth ranks were consistent with this pattern, but later-born children showed an irregular trend. Secular variation in incidence appeared to be most marked for second pregnancies (in which rates are lowest). This contrasts sharply with the secular pattern according to maternal age where the group with the lowest rate showed the least variation. Further exploration of this point was attempted by comparing incidences in the last two quinquennia in respect of both age and parity, but numbers in some cells were too small to establish any consistent pattern. Examination of secular variation according to social class was possible only for the period 1949-58, and in order to maintain adequate numbers a 5-year grouping was adopted and Classes I and II were amalgamated. The results show that the increased incidence in 1954-58 was experienced by all social classes (Table XII) . This investigation confirms previous observations that the incidence of anencephalus varies with maternal age and parity, social class, and season. It is now clear that each of these variables has an independent effect; association with maternal age, for example, cannot be explained by the influence of parity, and the composite effect of age and parity is not due to the social class variation. Furthermore, association with one variable does not nullify the effect of another; the relationship with season of birth, for example, appears to be manifested by all parity groups and by all social classes, and a consistent secular variation is shown by most of the subgroups derived by dividing the series according to maternal age, parity, social class, or season of birth.
Before considering the implications of these findings, it is necessary to examine the possibility that they might be the result of bias due to incomplete ascertainment.
Anencephalus is so easily recognized that it seems unlikely to be missed or confused and there is little doubt that the only cases not recorded are those born alive, and those born dead before the 28th week of pregnancy. The proportion born alive appears to be small. It Although the malformation has been initiated in experimental animals by excess of vitamin A, and by deficiency of pantothenic acid, vitamin E, and folic acid, epidemiological studies providelittle support for the view that anencephalus in man is due to nutritional factors. It is difficult to account in nutritional terms both for the social class gradient and for the low incidence during the years when rationing was most severe, or for the very different experience immediately after the war in parts of Germany, where the rate reached an unprecedented level, and in Scotland, where it was low, and in the last year of the war in Holland where, in spite of severe famine, no obvious increase in anencephalus occurred.
It may be remarked that no mention has been made in this paper of the possible influence of inheritance. The reason is not that hereditary causes are regarded as totally unimportant, but that the nature of the present investigation precluded any examination of a genetic basis for this malformation. It is worth noting, however, that there are several twin studies which provide strong evidence against a simple genetic explanation. Furthermore, the lethal nature of the malformation is not easily reconciled with the perpetuation of a gene or genes, which, in order to account for this condition, would be quite common, at least in some countries. Perhaps the genetic constitution of the embryo is less important than the maternal genotype, which may influence the environment of the early embryo so as to produce conditions favourable for the development of the abnormality. It would be unwise to disregard the possible importance of genetic factors so long as ethnic variations in incidence cannot be adequately explained in environmental terms. For this reason, population studies in other countries could make an important contribution to our understanding of this malformation.
SUMMARY
Unpublished data on anencephalic stillbirths in the years 1949-58 provided by the Registrar General for Scotland, and less detailed statistics from his Annual Reports for the years 1939-48, were examined in relation to information on all births contained in the Annual Reports covering these periods.
The anencephalic rate was slightly lower than normal among illegitimate births. Variations of incidence with age and with parity showed U-shaped trends, being lowest for mothers aged 25-29 years and for second pregnancies. The effects of these two variables were independent of each other and of social class influences.
Incidence was highest in infants born in the period November-January, and this was shown by all parity groups and all social classes. Adjustment of rates to the probable time when the malformation was initiated indicated that the seasonal influence was strongest from March to July. Comparison of this pattern with that of the more frequent notifiable infectious diseases showed little resemblance; daylight and sunshine hours gave a closer correspondence.
Secular variation of the whole series was compared with that of sub-groups obtained by dividing according to season of birth, maternal age, parity, and social class. A high incidence in the last quinquennium was consistently shown by all these sub-groups.
It is concluded that several factors are probably involved in the aetiology of anencephalus, but that much of the present evidence would be consistent with an infective agent as the cause. There is less evidence to support a nutritional hypothesis.
I am most grateful to the Registrar General for Scotland for providing detailed statistics of anencephalic stillbirths for the years 1949-58..
